THEORETICAL FOUNDATIONS
The basic concepts of adoption and diffusion of innovations have received considerable attention over the years (Midgley 1977 Zaltman and Lin (1971) have developed a summary paradigm of the social process that provides an interesting perspective on this relationship. The basic components are (1) the innovation itself, that is, some "new" product, method, or idea; (2) an individual who decides to adopt the innovation, thus exhibiting innovative behavior; and (3) the diffusion of the innovation through a social system, as more individuals make an adoption decision.
The concept of innovativeness can be considered at several levels. Traditionally, it has been defined as "the degree to which an individual is relatively earlier in adopting an innovation than other members of his system" (Rogers and Shoemaker 1971, p. 27 ). This is an operational and behaviorally observable measure of the hypothetical trait, innate innovativeness.
Additionally, discussion has focused on the attributes of innovations and the measurement of adopters' perceptions of these attributes (Ostlund 1974; Rogers and Shoemaker 1971) . The attributes most commonly considered include: * complexity, the extent to which the innovation appears difficult to use and understand; * compatibility, the degree to which the innovation is seen as consistent with the innovator's existing values, past experiences, and needs; * trialability, the extent to which one can experiment on a limited basis with the innovation; and * observability, the degree to which the results of innovating are visible to others.
The Rogers and Shoemaker (1971) work indicates that individual perceptions of these attributes affect the rate of adoption of an innovation, or the relative speed with which an innovation diffuses through a social system (typically expressed as the length of time elapsing before some percentage of the system has adopted the innovation). Ostlund (1974) extended this research to predict innovativeness (adoption versus nonadoption) by individuals on the basis of their perceptions of the innovation attributes. The relationships between attribute perceptions and innovative behavior were generally positive, with the exception of perceived risk and complexity. That is, adopters of an innovation rated it higher in relative advantage, compatibility, trialability, and observability, and lower in perceived risk and complexity.
Findings in Consumer Behavior Diffusion Studies
Several trends can be identified in the consumer behavior literature: a focus on observed innovativeness, a consideration of adopters to the exclusion of nonadopters, research bias in favor of innovators, and a lack of development of theoretical bases or models (Rogers 1976 ). These insights are excellent directions for future research, and are taken into account in this study.
Innovativeness is of central importance in much of the consumer behavior-diffusion literature. Indeed, the major concern of many studies has been the identification of correlates of observed innovativeness, including demographic and psychographic factors, social interaction, and consumption patterns (Robertson 1971) . Although a few correlations emerge, considerable ambiguity and contradictory findings are also evident, leading one to the conclusion that innovativeness may well be product-or situation-specific.
Diffusion studies have usually not focused on the process by which consumers evaluate an innovative product, even though several models relevant to the adoption-decision process have been suggested (Palda 1966; Robertson 1971 ). Further, specific evaluation of the nonadopter is missing from the literature. This person probably goes through the early steps of the process in the same fashion as the adopter, yet decides not to adopt. Consideration of both adopters and nonadopters will further the understanding of the total process.
Solar Energy Research
Research that considers the diffusion of solar-energy technology has appeared only recently (Leonard-Barton 1980). Several preliminary studies dealing with solar energy from a consumer behavior perspective are suggestive of the fertile research ground in this area, and pose numerous interesting issues. Sparrow (1977) considered various socioeconomic factors involved in the adoption of solar-energy technologies in a study of 45 owners-users of solar custom homes located throughout the United States. However, the small and geographically diverse sample presents difficulties. Region-specific differences in both consumer attitudes and relative importance of decision criteria would be expected.
An These represent some of the more important groups from an awareness-attitude formation-behavioral response perspective. The last three of these groups form the basis of this research.
The inclusion of knowledgeable nonadopters as a group worthy of attention, in addition to adopters and unaware nonadopters, represents a departure from traditional research. In an effort to assess the importance of product and situation-specific variables, this study explores the appropriateness of concepts identified in the larger body of adoption-diffusion research to a product category that entails high technology, represents a large financial commitment, and has overriding lifestyle implications.
HYPOTHESES
In keeping with the focus on innovativeness established in the adoption research cited previously, the following demographic hypotheses are proposed. The various factors considered by adopters and knowledgeable nonadopters are of considerable importance and relevance. Although one could reason that differences would be apparent, the directions of possible differences are not clear a priori. Hence, H3: No differences exist between adopters and knowledgeable nonadopters in the productrelated, economic, or social factors considered in the residential solar-energy system adoption decision. A basic thrust of the diffusion literature has been to categorize individuals into groups according to their relative time of adoption of the given innovation, and to correlate group membership with differences in such characteristics as demographic and innoVation-attribute perceptions. Innovators are considered as distinct from the early majority of adopters, and so forth.
One issue of interest here is to determine whether the diffusion of solar-energy systems has progressed to the point that all true innovators have already adopted, and that individuals who are most recently installing solar-energy systems are more appropriately considered to be part of the early majority of adopters. The following hypothesis is advanced to help resolve the issue.
H4: No differences exist among adopters of residential solar energy systems dependent on time of adoption in either demographic characteristics (H4a) or attribute perceptions (H4b).
One would anticipate that both demographic characteristics and attitudinal perceptions would be important in explaining individual adoption behavior of residential solarenergy systems. From a consumer behavior viewpoint, one would be reassured by the finding that attitudinal attributes function better than demographics in predicting innovative behavior, since a model using attributes represents a move toward a more theoretical approach in prediction. The following hypothesis evaluates this issue. Identifying those who were aware of and knowledgeable about solar systems, but who had not yet adopted, presented an interesting problem. Considering the various populations that would be expected to possess such knowledge, the following groups were used to generate the required sample: unsuccessful applicants for solar hot water tax grants, nonadopting members of the Maine Solar Energy Association, and registrants from a series of alternative energy workshops held in Maine.
The third subset, the remaining population of Maine, categorized here as unknowledgeable nonadopters and defined as all those not in the previous two categories, was sampled by random selection of households from the total Maine population.
Considerable attention was given, both in terms of sampling procedures and questionnaire design, to ensure that respondents were indeed members of the identified population subsets. This is of particular importance given the nonpanel nature of the survey. The questionnaires were designed to be answered by the household decision maker, either male or female. Concerning adopters, questions were included to screen and eliminate nondecision makers in the solar-adoption process. Similarly, knowledgeable nonadopters were screened to exclude apartment dwellers. The unknowledgeable nonadopter category includes individuals who are likely to differ somewhat from one another in their relative ignorance of solar energy.
Three questionnaires, each sharing certain common sections, were developed for use with the three population groups. Table 1 summarizes the areas addressed by the survey. Respondents' perceptions of seven characteristics of solar-energy systems were measured using seven-point Likert-like scales: relative advantage over other currently available energy sources, complexity, compatibility with personal values, observability, perceived financial riskiness, perceived social riskiness, and trialability.
Adopters and knowledgeable nonadopters were asked to rate the importance of a series of factors in their purchase deliberations. These factors included economic factors (ini- tial cost, payback period, perceived rising future costs of other energy sources, and the availability of government incentives or programs to offset installation costs), productspecific factors (quality and reliability of the system itself and the installer, service availability, product warranties, installation difficulties, and the relative efficiency of current systems versus possible future solar energy systems), and social factors (concern over energy conservation, behaving in a socially responsible manner, aesthetic appearances of the system, and status-appeal of having a solar system). Each of these factors was measured using seven-point Likert-type scales.
Adopters were asked to indicate the approximate month and year their system was installed. From this information, they were classified according to relative time of adoption.
Various demographic data were also collected, including age, education and income levels, stage in family life cycle, and occupational status. Categorical data were collected concerning age, education, and income. Open-ended responses to questions concerning marital status, family size, and occupation were used to derive family life cycle and occupational status data.
Two mailings were sent to each individual; each mailing included a stamped return envelope. Some potential for bias exists due to the differing percentage response rates obtained by group, and specifically the lower percentage response among the general population group (Table 1) Given the exploratory nature of this study, MNA was chosen as the primary analysis technique. As applied to this work, MNA was used to predict category membership (adopters versus nonadopters of solar energy systems) based on the various predictive measures identified. These analyses were replicated with MDF utilizing a holdout sample of one-third of the cases to provide statistical validation. Hypothesis 5 was evaluated using a one-tailed t-test for the differences between proportions of individuals correctly classified using attribute perception data versus demographic data. It should be noted that the term "prediction," as it is used here and throughout this paper, refers to statistical prediction after the fact, on the basis of survey data. Thus, the MNA and MDF techniques are used to identify ("predict") an individual's category membership as an adopter or nonadopter (Andrews and Messenger 1973).
RESULTS

Demographic Findings
Comparing the adopters with the general population, all demographic hypotheses, la through le, are supported. The adopter is younger, more highly educated, higher in income, earlier in the family life cycle, and higher in occupational status than the general population (Table 2) . Very few differences are apparent between the adopters and knowledgeable nonadopters. Education, income level, and occupational status appear remarkably similar. In age, adopters appear more concentrated around age 35, that is, with less divergence from categories 26 to 45. Perhaps reflective of this, there are relatively fewer single people among adopters, and a larger percentage in the early mar- ried stages. These trends are not strong, however. In general, the adopter and knowledgeable nonadopter appear to be demographically very similar, yet very different from the general population.
Attribute Perceptions
Comparing the perceptions of adopters with the perceptions of the general population sample, adopters find that solar energy systems offer advantages over other energy sources. Additionally, they evaluate solar systems to be less financially risky, less socially risky, less complex, more compatible with their personal values, and less observable by others (Table 2) . These results support Hypotheses 2a through 2e concerning innovation perceptions. The original hypotheses regarding observability (Hypothesis 2f) and trialability (Hypothesis 2g) are rejected.
The same direction of results is found when comparing adopters with knowledgeable nonadopters. Adopters perceive somewhat greater relative advantage, less risk, less complexity, greater compatibility, and less observability than do knowledgeable nonadopters. However, with the exception of complexity and observability, these differences are not statistically significant. Thus, as was the case with demographic characteristics, knowledgeable nonadopters and adopters seem fairly similar to each other, and quite different from the general population. Table 3 summarizes the results obtained regarding factors of importance in the solar-energy system adoption decision. One finds that the knowledgeable nonadopter generally rates each factor to be of greater importance than does the adopter. This holds for each factor with the exception of the two least important factors, aesthetics and status-appeal. For eight of the 14 factors, these differences are statistically significant at the 0.01 or less probability level.
Factor Ratings
From the ordering of the factors, it is apparent that product-related and economic factors are of the highest concern to both adopters and knowledgeable nonadopters. Social factors are uniformly evaluated by both groups to be of far less consequence in the adoption decision process.
On the basis of these results, Hypothesis 3, which predicted no differences between experimental groups on factor evaluation, is rejected for both product-related and economic factors.
Differences Dependent on Time of Adoption
Demographic characteristics and perceptions of the innovation were analyzed against the year of installation of the solar-energy system. For demographic characteristics only, no significant differences were found at the 0.05 level. For adopters' perceptions of solar-energy systems, few differences exist. Recent adopters were found to evaluate solar-energy systems as significantly more compatible with their value systems (p < 0.005) and as involving less social risk (p = 0.02) than earlier adopters. Ratings of the other perceptions showed no differences at the 0.05 level. These results generally support Hypothesis 4, and confirm that adopters so far are quite similar to one another.
Prediction of Adoption Behavior
The results of a series of predictive models using MNA are presented in Tables 4 and 5 as a means of assessing aChi-square tests evaluate differences between adopters and knowledgeable nonadopters in the rating of each factor. bNot significant at the 0.05 level; all other Chi-squares are significant at the 0.01 level or beyond.
Hypothesis 5, that attribute perceptions are more effective than demographic characteristics in predicting an individual's category membership. Table 4 presents summary statistics for both models, as well as statistics relating to the relative effectiveness of each variable in the models. The classification matrices, including the percentages of individuals correctly classified by the models, are shown in Table 5 .
The MNA results indicate some support for the contention that attribute perceptions are more effective predictors than demographics. From Table 4 , the MNA generalized R2 and multivariate theta are both higher for the attribute perception model than for the demographic model. However, Table 5 indicates mixed results in classification ability. Whereas, the attribute-perception model is more successful than the demographic model overall, in terms of the total percent of individuals correctly classified (62 versus 56 percent), a comparison of the category-specific results reveals differences. The improvement in prediction of adopters is statistically significant: 57 versus 37 percent correct, p < 0.005. For both knowledgeable nonadopters and the general population group, MNA predictions based on attributes are not statistically different from those based on demographics. I The MDF replications similarly indicated better overall classification from attribute perceptions than from demographics. No significant differences were found between the MDF estimation and validation samples.
These results support Hypothesis 5 concerning the prediction of adopter category membership. For the remaining population categories, no general support for Hypothesis 5 is found.
DISCUSSION
Several interesting observations emerge from a consideration of the attribute-perception and demographic findings. In comparing summary statistics on these measures, excluding trialability, a continuum can be defined with adopters at one end, the general population at the other, and knowledgeable nonadopters between, but generally closer to, the adopters.
The findings regarding observability and trialability are particularly interesting. The further one progresses from being a member of the general population through knowledge of solar energy systems to adoption, the less observable to others one perceives such an innovation. This finding, which is contrary to earlier findings regarding innovation attribute perceptions, suggests that for solar energy systems, as one becomes more familiar with the innovation, it becomes less of a novelty and is, thus, perceived as being less observable to others. More fundamentally, a reconsideration of traditional adoption models, such as advanced by Robertson (1971) , would appear to be necessary in considering solar-energy adoption. Trial of solar-energy systems is difficult, short of vicarious trial through the experiences of others. Although the results show that most individuals think that some sort of trial occurs, such as trying solar energy on a small scale prior to adoption of a more complete and complex system, even such a small "trial" represents a major financial commitment and personal involvement. Solar systems represent a long-term commitment with no real possibility for noninvolved, low-risk trial.
As the opportunity for personal trial is limited or impossible, the stages in the adoption process immediately preceding adoption are of particular interest. Specifically, the focus centers on the area of product legitimization, which probably involves both word-of-mouth from friends and neighbors as well as business and governmental information sources. The step from legitimization to adoption becomes a large one, underscoring the level of commitment needed before adoption will take place.
The generally higher importance attributed to product and economic factors by knowledgeable nonadopters is also of interest. Several possible explanations for this finding exist. Individuals, having adopted, may find that their solar systems work to their highest expectations. As they become more satisfied and have more experience with solar systems, each of these factors becomes of less concern. Knowledgeable nonadopters, on the other hand, may be more wary and skeptical.
Another potential explanation is that this phenomenon represents cognitive dissonance reduction. The adopter is committed to the system. His ratings of the factors, some of which may still be of concern, reflect dissonance-reduction that discounts their importance.
In evaluating the results of the MNA models, it is apparent that attribute perception data afford somewhat greater classification ability than do demographic data. This is intuitively appealing. However, considering the overall similarity of adopters and knowledgeable nonadopters on many of these measures, more fundamental questions concerning the adoption process itself are raised. Particularly, we find two groups of individuals with apparently similar perceptual beliefs regarding solar-energy systems, yet one group adopts and the other does not. Differences in specific product and economic factor ratings may partially explain some of this behavior. Also, however, the existing conceptual adoption process framework may not be adequate to explain adoption behavior for some products. In the case of the solar products, we find evidence of seemingly convinced and enthusiastic supporters who refrain from adoption. The interaction between the product purchase decision and other, perhaps higher priority, household decisions may inhibit the purchase. Intervening variables, which may well be situation-specific to the given individual and the particular innovation, are worthy of further consideration.
Limitations and Future Directions
The fact that the study was conducted in one geographic region limits the generalizability of results. Also, some bias due to sampling techniques and nonresponse errors may have occurred, though great care was taken to minimize these biases.
A further issue is the direction of causality regarding attribute perceptions and adoptive behavior. Are attribute perceptions determinants of adoption or the result of experience with the innovation? Although the direction of causality cannot be inferred from these exploratory results, at a minimum a strong association is demonstrated between adoptive behavior and attribute perceptions.
Insights regarding both adopters and nonadopters of solar energy systems are provided by the current research. It would be beneficial to study these groups further to better understand the purchase process involved. The most appropriate extension would be a longitudinal design that tracks the future diffusion of solar-energy use. Solar-energy systems represent an ideal class of products with which to conduct such research, given their current relative newness and expected continued growth.
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